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Abstract
While the effectiveness of one-on-one human tutoring has
been well established, a great deal of controversy sur-
rounds the issue of which features of tutorial dialogue sep-
arate effective uses of dialogue in tutoring from those that
are less effective. In this paper we present a formal com-
parison of Socratic versus Didactic style tutoring that ar-
gues in favor of the Socratic tutoring style.
Introduction
Comparative studies of student learning have already
demonstrated that one-on-one human tutoring is more ef-
fective than other modes of instruction. Tutoring raises
students’ proﬁciency as measured by pre and post-tests
by a minimum of 0.40 standard deviations with peer tu-
tors (Cohen et al., 1982), and to up to 2.0 standard devia-
tions with experienced tutors (Bloom, 1984). One promi-
nent component of effective human tutoring is collab-
orative dialogue between student and tutor (Fox, 1993;
Graesser et al., 1995; Merrill et al., 1992). Nevertheless,
a great deal of controversy surrounds the issue of which
features of tutorial dialogue distinguish effective uses of
dialogue in tutoring from those that are less effective.
In this paper we present the results of a formal evalua-
tion of the relative effectiveness of Socratic versus Didac-
tic tutoring in a simulated problem solving environment
in the Basic Electricity and Electronics domain. In this
study, the Socratic tutoring style is characterized by an
emphasis on eliciting information from students through
a directed line of reasoning. Thus, the tutor endeavors
as much as possible to avoid giving information away.
In contrast, in the Didactic tutoring style, the tutor be-
gins extended interactionswith students by presenting the
student with an explanation of the material the student is
meant to learn in the interaction. After the initial expla-
nation, the tutor leads the student through a directed line
of reasoning similar to that used in the Socratic condition,
except that the questioning plays more of a role of draw-
ing the student’s attention to information that the tutor has
already explained, rather than eliciting this information
from the student. Since drawing the student’s attention
to the points already articulated by the tutor requires less
from the students, the Didactic interactions tended to be
signiﬁcantly shorter than the Socratic interactions. They
contained only 70% as many open ended questions and
had more of a lecture like ﬂavor than the Socratic inter-
actions.
In a classroom instructional context, it has been well
argued that receptive learning, i.e., by means of lectures,
can be just as effective as discovery based learning pro-
vided that students have the requisite prior knowledge to
learn the presented material meaningfully rather than by
rote (Ausubel, 1978). However, this view has not been
universally accepted by educational psychologists (Pi-
aget, 1973; Vygotsky, 1978). Furthermore, one key dif-
ference between tutoring and classroom learning is that
there is muchmore continuity and regularity in classroom
learning. In contrast, tutoring is sporadic and decontex-
tualized. Thus, within a classroom setting the teacher is
much more familiar with the students’ prior knowledge,
and is in fact in a position to ensure that students are pre-
pared to learn the material that is presented each day by
arranging lessons to build one upon another. We argue
that because this is not the case in a tutoring context, it is
more critical to draw out the student’s thought process in
order to tailor the presentation of material to the students’
needs.
Previous studies have argued the effectiveness of So-
cratic and other similar tutoring approaches. Recent re-
search on student self-explanations supports the view
that when students explain their thinking out loud it en-
hances their learning (Chi et al., 1989, Chi et al., 1994,
Renkl, submitted). Students learn more effectively when
they are given the opportunity to discover knowledge for
themselves (Brown and Kane, 1988; Lovett, 1992; Press-
ley et al., 1992). Collins and Stevens (1982) report that
the best teachers tend to use a Socratic tutoring style. A
tutoring system based on the Collins and Stevens model
(Wong et al., 1998) has received favorable reviews al-
though it has not yet been subjected to a formal compar-
ative evaluation.
Nevertheless, other studies have argued the effective-
ness of Didactic style tutoring. In a recent study in
which students read previously solved probability prob-
lems (Renkl, submitted), an experimental group that had
the option to request further tutor explanation performed
better than a control group that did not have that op-
tion, with an effect size of .5 sigma. Albacete (1999)
found that students who received Didactic conceptual
minilessons when they made errors learned more than
studentswho received immediate ﬂag feedback and could
request ﬁrst a pointing hint, then a correct answer. Simi-
larly, McKendree (1990) found that feedback messages
with high content caused more learning than feedback
messages with low content. Finally, it is reported in
(Graesser et al., 1995) that ordinary human tutors seldom
use Socratic tutoring, and yet are quite effective.
The results of our formal comparison presented here
demonstrate a trend in favor of Socratic style tutoring
over Didactic style tutoring.
Experimental Setup
The context of our work is a web-based course on basic
electricity and electronics (BE&E). The system was de-
veloped with the VIVIDS authoring tool (Munro, 1994)
at the Navy Personnel Research and Development Cen-
ter in San Diego, CA. The original BE&E tutor was de-
signed as a tool for classroom instruction. As we are in-
terested in one-on-one tutoring, we observed how stu-
dents interacted with the system and with a human tutor
in a Wizard-of-Oz setup. The curriculum used in our ex-
periments and prototype system consists of four lessons
and six labs covering basic concepts of current, voltage,
resistance, power, making measurements with a multi-
meter, and doing some simple computations and prob-
lem solving. Each lesson consists of three sections of be-
tween 10 and 25 pages of instructional text and graph-
ical illustrations displayed in a Netscape window, as in
Figure 1. After each section, the student was tested with
between 3 and 5 multiple choice progress check ques-
tions, which act as a springboard for interaction with the
tutor to address deﬁciencies in the student’s understand-
ing. After each lesson, the student was presented with
one or two labs designed to test and reinforce the con-
cepts introduced in the lesson. The students completed
the labs by interacting with a simulated electronics work-
bench through a point-and-click interface, as in Figure 2.
The 37 subjects who participated in our data collection
experimentwereUniversity of Pittsburgh undergraduates
with little or no prior study of electricity or electronics.
Each subject participated in two sessions, each of which
lasted between two and two and a half hours. The tu-
tor was a post-doc working at the Learning Research and
Development Center at the University of Pittsburgh with
some tutoring experience. While the student interacted
with the system, the video signal to the student’s monitor
was split so that a tutor sitting behind a partition could
watch the student’s progress. The student and tutor had
access to a chat interface that allowed them to type mes-
sages to each other. Although students sometimes initi-
ated dialogues themselves, the majority of dialogues oc-
curred when the tutor initiated a dialogue because the stu-
dent either incorrectly answered an important progress
check question or showed evidence of not being able to
proceed with a lab.
Seventeen of the students participated in a pilot study,
which we used to determine how much material on av-
erage that students are able to cover in the allotted time
(ﬁve hours maximum) and which concepts from the do-
main come up most frequently in the tutoring dialogues.
Figure 1: Netscape Window
Thus, we designed the pre/post-test for the formal study
to focus on these troublesome concepts. We also slightly
shortened the lessons by removing some material not es-
sential to learning these concepts (e.g., how to interpret
the colored stripes on resistors).
Twenty students took part in the ﬁnal data collection
effort. Each student was randomly assigned to either the
Socratic condition or the Didactic condition, described
above. Note that the Socratic tutoring style in this study
did not typically include heavy use of Socratic irony (i.e.,
proof by contradiction) as a teaching tool.
Examples of Socratic and Didactic tutoring dialogues
from our corpus are displayed in Figures 4 and 5 respec-
tively. Both dialogues occurred during a lab in which the
students were expected to ﬁnd three places in a DC cir-
cuit where they could get a non-zero voltage reading. A
very typical error students made was to attempt to get a
non-zero voltage reading across a closed switch. Both
the Socratic and Didactic dialogue examples occurred in
response to this error. The important piece of informa-
tion the tutor wanted to get across to the student in both
cases was that it is only possible to get a non-zero voltage
reading where there is a difference in charge, and there
is no difference in charge across a switch. Notice that
in both cases the tutor presented the students with ques-
tions to encourage the students to think through the rea-
soning behind their incorrect action. However, in the So-
cratic example, the student is doing more of the talking,
Figure 2: Simulation Window
where the Didactic example contains much more lectur-
ing on the tutor’s part. In the Didactic example, the tutor
explained all that the student needed to know before ask-
ing the student any contentful questions. In contrast, in
the Socratic example, the tutor asked contentful though
questions from the beginning and explained as little as
possible. In general, because in the Didactic condition
the tutor was able to refer to parts of her own explanation
that initiated the dialogue, the Didactic dialogues con-
tained approximately 70% asmany open ended questions
such as why and how questions. Because in the Socratic
condition the students were responsible for articulating
as many key concepts as possible themselves, these open
ended questions were essential for drawing out the stu-
dents’ reasoning.
Data Analysis
The data collected from the twenty students who par-
ticipated in the formal study was used in a rule gain anal-
ysis to determine the relative effectiveness of the two al-
ternative tutoring strategies. As in (VanLehn et al., 1998),
the purpose of our rule gain analysis was to compute a
correlation between student learning and the distinctive
features of the two alternative tutorial styles. For each
student we kept detailed records of their participation in
our study as well as other information relevant to evalu-
ating their learning. In particular, we recorded which of
the two conditions the student was assigned to, the stu-
dent’s math and verbal SAT scores, the amount of time
spent on each lesson and lab, the full text from all tutorial
dialogues, and a pre and post-test. The same test was used
for the pre-test as for the post-test. Note that students in
You can only get a non-zero voltage
reading across a portion of a circuit
where there is a difference in charge
(voltage potential)
There is a difference in voltage
potential across a source
There is a difference in voltage
potential across a load
Sources cause current to move because of
a difference in potential between their
two ends
Loads have a difference in potential
between their two ends because their
resistance causes them to convert
electrical energy into energy of a
different form
Figure 3: Sample Rules for Difference in Voltage Po-
tential
the Didactic condition spent slightly more time interact-
ing with the tutor and system overall (Socratic students
spent an average of 192.68 minutes, SD=37.0; Didactic
students spent an average of 198.72 minutes, SD=47.19),
however the difference was not signiﬁcant (t(18)=.318,
p=.754).
For analyzing student learning, we codiﬁed the con-
cepts we wanted to teach students into a list of 47 rules.
For example, the ﬁve rules expressing basic concepts
about voltage potential and voltage measurements are
Tutor: So now let’s think about the switch. Is it a source or a load?
Student: source
Tutor: Why do you say that?
Student: when it is turned off, no energy flows
Tutor: OK, that is true. But does it actually cause electricity to flow?
Or is it merely letting what current was produced by the source
flow through it to the rest of the circuit?
Student: it does not create energy
Tutor: Good. So it is not a source. Would you say it is a load then?
Student: no
Tutor: Good, it is neither a source nor a load. So does it have a
difference in charge between its two ends?
Student: no
Tutor: Very good. So then can you measure voltage across a switch?
Student: no
Tutor: Right. So how can you modify the way you have the leads hooked up
now so that there will be a difference in charge between where the
two leads are hooked up?
Student: since i know there is a third place to hook them up, is it possible
to connect the one to the negative side of the battery and connect
the other to the positive of the light bulb?
Tutor: Yes, that would be perfect. Go ahead and do that.
Figure 4: Sample Socratic Dialogue
found in Figure 3. The pre/post test consists of 40 ques-
tions that require the students to use the rules either by
applying a rule in order to solve a problem, directly artic-
ulating a rule, drawing a diagram to illustrate a rule, an-
swering a question about a rule, or recognizing a diagram
illustrating a rule. We coded each question in our pre/post
test with a list of rules that applied to solving that problem
and how those rules applied. For each rule we then devel-
oped a formula to assess the student’s level of mastery of
that rule based on which of the questions where the rule
applied the student answered correctly. The formulas de-
signed for computing themastery score for each rule were
based on the assumption that different ways rules apply to
questions give different amounts of evidence about how
well students have mastered the corresponding rule. For
example, directly articulating a rule gives more evidence
of student knowledge than answering a multiple choice
question. Solving a problem by using a rule gives an even
stronger indication. A total mastery score for each stu-
dent was computed for both the pre and post-test by sum-
ming the mastery scores for the 47 individual rules. We
also computed a gain score for each student by counting
the number of rules for which each student demonstrated
a higher mastery score on the post-test as compared with
that on the pre-test. For each rule we noted howmany stu-
dents in each condition achieved a higher mastery score
for that rule on the post-test as compared to the pre-test.
An ANCOVA with condition as the independent vari-
able, pre-test score as the covariate, and post-test score
as the dependent variable conﬁrmed a trend for students
in the Socratic condition to learn more (pre-test mean =
10.41, pre-test SD = 7.5, post-testmean = 27.54, post-test
SD = 7.28) than students in the Didactic condition (pre-
test mean = 14.29, pre-test SD = 53.12, post-test mean =
25.5, post-test SD = 6.31), F (1, 18) = 3.13; p .1. Inter-
estingly, despite the fact that the students in the Socratic
condition had a lower average pre-test score than the stu-
dents in the Didactic condition, they achieved a higher
average post-test score. The effect size (mean Socratic
gain score - mean Didactic gain score / SD Didactic gain
score) was 1 sigma. Additionally, for each rule we com-
puted a chi-square to determine whether the number of
students who demonstrated learning on that rule in the
Socratic condition was signiﬁcantly higher than the num-
ber of students who demonstrated learning on that rule
in the Didactic condition. The difference was only sig-
niﬁcant (p .05) for two rules although for every rule
more students in the Socratic condition than in the Didac-
tic condition demonstrated learning. The probability that
more students in the Socratic condition would demon-
Tutor: Do you remember in the lesson that it said that every point on a
conductor is electrically the same?
Student: yes.
Tutor: Good. That means that there is no difference in potential energy
between one point on the conductor and another point. So, if both
leads are attached to the same conductor, there is no difference
in potential (in other words, no difference in charge) and thus no
force to measure. What you need is to have there be a difference
in potential between where the red lead is attached and where the
black lead is attached. This is achieved whenever voltage is
"created" as in a battery or "used up" as in a light bulb. So,
where do you suppose you could attach the leads now to achieve
that?
Student: to the light bulb, it seems to be my only source
Tutor: Right.
Figure 5: Sample Didactic Dialogue
strate learning for all 47 rules by chance is very small,
speciﬁcally . We found during our analysis, how-
ever, that in spite of having randomly assigned students to
conditions, the average SAT score for students in the So-
cratic condition (1161, SD = 208) was marginally higher
than that for students in theDidactic condition (961, SD=
192), F (1, 15) = 4.27, p .06. Finding even a marginal
trend with only 20 subjects suggests that the effect may
be real even if the statistical power is not sufﬁcient.
A re-analysis in which gain score (post test scoreminus
pretest score) was the dependent variable and SAT score
was a covariate was conducted for the 17 participants for
whom SAT scores were available. The effect of condi-
tion was not signiﬁcant in this analysis, F (1, 14) = 1.64,
p ¿ .20, although the loss of power resulting from the ex-
clusion of three participants from this analysis may have
contributed to the lack of statistical signiﬁcance. Thus,
although the trend for greater gains in the Socratic condi-
tion was still evident after controlling for SAT scores, we
can not conclusively rule out the inﬂuence of this possible
confound on the results.
Next we checked for an aptitude-treatment interaction
by dividing the students into two subsets, with students
having above the mean SAT scores in one subset and
thosewith below themean SAT scores in the other subset.
When the ANCOVA was performed on each subset sep-
arately, a trend was demonstrated for students in the So-
cratic condition to perform better within each subset. For
above average SAT students, F (1,7) = 1.77, p .23. For
below average SAT students, F (1,4) = 5.62, p .1. This
seems to be a result of the fact that the below average SAT
students tended to have uniformly low pre-test scores and
variable post-test scores whereas the above the average
SAT students had variable pre-test scores and uniformly
high post-test scores.
Discussion and Current Directions
In this paper we present a study in which we explore the
relative effectiveness of two alternative tutoring styles,
which we have referred to as Socratic versus Didactic.
The purpose of our studywas to explore alternativemeth-
ods of encouraging knowledge construction via tutorial
dialogue in order to determine how to use dialogue most
effectively to this end. The results of our rule gain anal-
ysis demonstrate that students in the Socratic condition
learned more effectively than students in the Didactic
condition, although more data collection is necessary in
order to verify the level of statistical signiﬁcance.
Based on our ﬁndings, we are building a dialogue-
enhanced version of the original BE&E tutoring system.
A small prototype dialogue based version has already
been built covering the portion of our curriculum con-
cerned with teaching about measuring voltage in DC cir-
cuits (Rose´ et al., 1999). Note that in the example So-
cratic dialogue in Figure 4, the tutor afﬁrmed what was
correct in the student’s response, that when a circuit is
turned off no energy ﬂows, and then addressed speciﬁ-
cally what was lacking in the student’s explanation. The
same ability to evaluate the content of student explana-
tions is required for the tutor to determine when it is no
longer beneﬁcial to continue prompting a student with
leading questions. This type of sensitivity in tutor re-
sponse is only possible in an intelligent tutoring system
when the system can understand what the student says.
Thus, a major focus of our work has been on robust nat-
ural language understanding (Rose´, 2000). Our robust
core understanding component for English is currently
being integrated into three different tutoring systems and
is available for use on other projects .
Parties in-
terested in obtaining the Atlas core understanding component
should contact Carolyn Rose´ at rosecp@pitt.edu.
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